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□ Summarize the conditions thaf led taihA<failti 
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□ Block I Failures and Solutions 
a Block II Failures and Solutions 
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FC’s produce DC electrical power over a normal rai 
of 563 to 1420 (W) at a voltage of £7 to 31 ^V). ^ ' 
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i. Energy Conversion Section 


2. Reactant-Control Section 


3 . Thermal-Control Section 


4 . Water-Removal Section 



□ Criteria: 

> “Shall be designed to supply, regulate, and dislribute^al 

electrical power required by CSM for mission requirerrfi 
LEM during checkout and monitoring.” \ 
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□ System had to possess adequate mission flexibility 

> No constraints impose^ on launch d; 

> Had to be operationally adaptable to cnanging require 
successive missions without a subsequent req 
design changes 
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□ High reliability and safety that were consistent with 
system weight 

> Factors affecting reliability, such as multiple starts, were to be 
avoided, and simplicity of design was desired 
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□ Concept for 1.5 (kW) FC came frorpthe Gemini 
program 

> Gemini program utilized Ion Exchange'Memiprane (IEM) 
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FUEL CELLS - ION EXCHANGE 
MEMBRANE 

SIX PARALLELED STACKS @ 

,35 KW EACH 


FUEL CELLS - BACON 

TWO PARALLELED 

MODULES @ 1.05 KW EACH 


I CHEMICAL 

DYNAMIC - TURBINE 

TWO 2.1 KW SYSTEMS, 

ONE ACTIVE-ONE STANDBY 


I CRYHOCYCLE 

TWO 2.1 KW SYSTEMS, ONE ACTIVE- 
ONE STANDBY 
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a If either hydrogen or oxygen gas pressure is 
more than 2.5 (psi) below or 1,0.5 (psi) above t 
electrolyte pressure, a breakdown of the \ 
liquid/gas interface was possible 
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Dendrite Formation 




Silver dendrite experiment from Goddard Space Flight Center 
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a Under extreme thermal conditions 
vapor condensed and froze a^purge'-porV* 
opening 
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> This prevented further hydrogen purging 


> Two heaters were added to subsequent 
vehicles 







Pump/ Separator 


□ Because the hydrogen was saturated with watt 
vapor, several electrical problems were 
encountered until a satisfactory waterproofing 
epoxy insulation was found 
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Coolant Li 




□ Cooling capacity of the 
was reduced 
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a Water slugging out of condenser 
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a Ingestion of hydrogen gas into prinking 
caused discomfort to crewman ' ^ 

> Solution was the development of hydrogen gas\ 
separator which was added to the drinking water 
system / VtL ' 1 I 
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Some problems were unique to the FC arid others wer 
caused by integration with other spacecraft sy st apis 

tit j / ■ x \ i 

Operational errors caused the costly failure of several ! j 
FC’s during early servicing and checkout operations 
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Contamination was a serious problem for 
subsystem 


□ Redundancy philosophy that was instiluted by FC 
system designers resulted in system and mission 
flexibility 





Recommendations: 


> System selection/design criteria should* include 

susceptibility to damage as a result of 
error ; (’ i. : 

> System/spacecraft interfaces should be carefully 

defined / \|V 

> Compatibility of circulating fluids with s. 
hardware verified 

> All fluid loops should have filters upstream of critical 

components . 

> Critical automatic control devices should be used in 
manner to avoid operation in two-phase-fluid 
medium 
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□ Design considerations during developmental 
phase that affected Block I and Blo6k II vehicl 


□ Summarize the conditions thaf led t 
of components in FC’s 
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□ State the solutions implemented for each failure 






